We performed HF treatment to silicon quantum dots with diameter of 8nm±1nm fabricated by VHF plasma decomposition process. We observed PL wavelength shift from 750nm to 620nm for 8nm to 2.5nm diameter nc-Si dots.
Introduction
Silicon is the most useful semiconductor material for the integrated-circuit (IC) industry, but its applications in the areas of optics and optoelectronics are limited because of its indirect band-gap characteristics. Thus, converting silicon to a highly efficient light-emitting material is a challenging subject for research. In the last decade, many efforts have been invested to overcome the indirect band-gap characteristics of silicon. They include porous silicon [1] , Si + -implanted SiO 2 , Er-doped Si [2] and nanocrystalline Si [3] material systems. In spite of a large amount of experimental reports on the PL properties of the nc-Si, only a few groups have reported on the electroluminescence (EL) characteristics of nc-Si [4] [5] [6] , mainly because of the difficulty of the carrier injection into SiO 2 . In our work, we investigated the possibility of manufacturing light emitting diodes nc-Si dots, with a stable EL at room temperature and operable at low voltages. In order to improve the carrier injection, one can possibly reduce the thickness of the oxide layer and also reduce the size of nanocrystal silicon.
Experimental results and discussion
We prepared silicon quantum dots onto lightly doped p-type silicon wafer (100) using very high frequency (VHF, 144MHz) plasma decomposition of SiH 4 diluted by Ar gas. Silicon quantum dot layers with thickness of 100nm were grown. Flow rates of SiH 4 and Ar were set at 1.6sccm and 90sccm respectively, with a chamber pressure of 0.03torr and the plasma power at 1.5W. For the fine control of the nc-Si dots size, pulsed SiH 4 gas was supplied in Ar gas [7] . This method enables the control of the growth time of the nc-Si dots. We observed the size of nc-Si dots from a high-resolution transmission electron microscopy (TEM) image and we measured an average diameter of about 8nm±1nm. After deposition, the film was thermally oxidized at 800°C for 8, 4 and 2hours. PL measurements were performed by pumping with the 442nm line of a He-Cd laser at room temperature. We observed that PL spectra show a blue shift and an increase in intensity with thermal oxidation time at room temperature. After oxidation, we deposited phosphorus doped poly-Si. Al was deposited on the top of the films for electrode, and Ohmic contacts were formed on the backside of the substrate. We observed EL only under the forward bias condition with a turn on voltage of about 12V. We could observe the light emission with the naked eye at room temperature. We also observed an increase in the EL intensity with increasing bias (Fig. 1(a) ). Fig.  1(b) shows the PL and EL spectra measured for the same device. It is interesting to note that the EL and PL central peaks are very similar in position. It clearly shows that this emission is due to electron-hole recombination in the nc-Si dots, as it was demonstrated by Koshida et al. [8] . We also observed that the light emission increases with the oxidation time. This can easily be explained. The longer the oxidation time, the smaller the nc-Si. While the crystal size is reduced, the band gap is widened and, due to the quantum confinement, the light emission increases. However, the SiO 2 thickness also increases with the oxidation time, which makes the current injection lower. This results in an increase in the turn on voltage. It is therefore clear from these results that on the one hand, one has to decrease the oxide thickness in order to improve the carrier injection, and on the other, one has to reduce the size of nanocrystal silicon in order to increase the light emission. It may be difficult to reduce the thickness of SiO 2 and the size of nc-Si at the same time. However, we can go round this problem by dropping HF (Hydrofluoric acid). We tried to reduce the size of nc-Si dots and the SiO 2 thickness by dropping HF (Fig. 2(a) ). We deposited nc-Si layers on the Si substrate. After deposition, the nc-Si dots were oxidized at 800°C for 8hours. Then, we dropped 0.3%HF on the sample to remove the SiO 2 layer and to expose the size reduced nc-Si dots. Finally, the film was once again annealed at 950°C, for 30min, in order to form a thin SiO 2 layer on the size reduced nc-Si dots. Fig. 2(b) shows that the PL spectrum shifted from 750nm to 620nm for 8nm to 2.5nm diameter nc-Si dots. 
Conclusion
We performed HF treatment for reducing the size of nc-Si and the SiO 2 thickness simultaneously. We observed the blue shift of the PL peak which is attributed to quantum confinement effect with the size reduced nc-Si dots.
